a2 United States Patent

US009139399B2

(10) Patent No.: US 9,139,399 B2

Hidaka et al. 45) Date of Patent: Sep. 22, 2015
(54) SHEET PROCESSING APPARATUS AND (52) US.CL
IMAGE FORMING SYSTEM CPC B635H 45/18 (2013.01); B31F 1/00 (2013.01);
B3IF 1/0006 (2013.01); B31F 1/0035
(71) Applicants:Makoto Hidaka, Tokyo (IP); Takuya (2013.01); B65H 37/04 (2013.01); B65H 45/04
S g 1) B Wb ooy ez ol s
Kanagawa (JP); Satoshi Saito, S
Kanaiawa EJP%' Shohichi Satoh (2013.01); B65H 2801/27 (2013.01)
K p ’ T ichi T ,h' (58) Field of Classification Search
anagawa (JP); omomicht Hoshino, CPC ... B31F 1/00; B31F 1/0006; B31F 1/0035;
Kanagawa (JP); Atsushi Kikuchi, B65H 45/12; B65H 45/04; B65H 2801/27
Kanagawa (JP); Kiyoshi Hata, Tokyo USPC oo 270/32, 45, 58.07
(JP); Keisuke Sugiyama, Tokyo (JP) See application file for complete search history.
(72) Inventors: Makoto Hidaka, Tokyo (IP); Takuya (6) References Cited
Sano, Kanagawa (JP); Takao Watanabe, U.S. PATENT DOCUMENTS
Kanagawa (JP); Satoshi Saito,
Kanagawa (JP); Shohichi Satoh, 5,520,604 A * 5/1996 Reist ...cooooviviiiiiiiinnns 493/422
Kanagawa (JP); Tomomichi Hoshino 8,002,255 B2* 82011 Kawaguchietal. ........... 270/45
Kanagawa (JP); Atsushi Kikuchi, (Continued)
Kanagawa (JP); Kiyoshi Hata, Tokyo
(JP); Keisuke Sugiyama, Tokyo (JP) FOREIGN PATENT DOCUMENTS
H . : - EP 2634125 Al * 9/2013
(73) Assignee: Ricoh Company, Limited, Tokyo (IP) Ep 2644547 AL * 10/2013
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35 Primary Examiner — Leslie A Nicholson, 11T
U.S.C. 154(b) by O days. (74) Attorney, Agent, or Firm — Harness, Dickey & Pierce,
PL.C.
(21) Appl. No.: 14/154,580 (57) ABSTRACT
(22) Filed: Jan. 14. 2014 A sheet processing apparatus comprises a pressurizing unit
’ ? including a first pressurizing member and a second pressur-
(65) Prior Publication Data izing member; and a moving unit moving the pressurizing
unit and including a driving motor, wherein the position
US 2014/0206518 Al Tul. 24,2014 where a sheet bundle is pressurized by the first pressurizing
member and the position where the sheet bundle is pressur-
(30) Foreign Application Priority Data ized by the second pressurizing member are shifted in the
direction of the fold line of the sheet bundle, and a driving
Jan. 18,2013 (JP) oo 2013-007618  condition of the driving motor is changed between a first
orientation in which the pressurizing unit moves in the posi-
(51) Int.Cl tional relation that the first pressurizing member precedes the
B65H 45/18 (2006.01) second pressurizing member and a second orientation in
B3IF 100 (2006.01) which the pressurizing member moves in the positional rela-
B6SH 45/12 (2006.01) tion that the second pressurizing member precedes the first
B65H 45/04 (2006.01) pressurizing member.
B65H 37/04 (2006.01) 12 Claims, 27 Drawing Sheets
pOSTION
St | 2 PoSiion
Vi
ADDITIONAL
FOLDING MOTOR
V1
REVERSE
ROTATION 1
A [ NORMAL MODE: 11212 ]
T
ADDITIONAL XA
FOLDING MOTOR " 12 YA
CURRENT SETTING
A |_FAST MODE: 11=12__|
FOLOING MOTOR 2 i 2 YAl
CURRENT SETTING




US 9,139,399 B2
Page 2

(56)

8,342,497
2003/0151187
2003/0219295
2003/0234487
2004/0070133
2004/0104525
2008/0315481
2008/0315482
2008/0315483
2008/0315484
2008/0315485
2008/0315486
2008/0315487
2008/0315488

References Cited

U.S. PATENT DOCUMENTS

B2 *
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

1/2013

8/2003
11/2003
12/2003

4/2004

6/2004
12/2008
12/2008
12/2008
12/2008
12/2008
12/2008
12/2008
12/2008

AbE o 270/45
Suzuki et al.
Saitoh et al.
Tamura et al.
Yamada et al.
Suzuki et al.
Iguchi et al.
Iguchi et al.
Iguchi et al.
Iguchi et al.
Iguchi et al.
Iguchi et al.
Iguchi et al.
Iguchi et al.

2009/0036287 Al
2009/0200725 Al
2010/0219575 Al
2011/0057375 Al
2011/0156333 Al
2011/0176849 Al*
2011/0181917 Al
2011/0278784 Al
2012/0190526 Al

2/2009
8/2009
9/2010
3/2011
6/2011
7/2011
7/2011

11/2011

7/2012

Kawaguchi et al.
Tamura et al.

Iguchi et al.

Iguchi et al.

Iguchi et al.

Abe .
Iguchi et al.

Iguchi et al.

Terao

FOREIGN PATENT DOCUMENTS

JP 08-123284
JP 2009-029625
JP 2012-020882
JP 2012-153530

* cited by examiner

5/1996
2/2009
2/2012
8/2012

399/408



U.S. Patent Sep. 22, 2015 Sheet 1 of 27 US 9,139,399 B2

HOME- oy
POSITION S {‘““—
SENSOR OFF
CARRIAGE
\ e
CARRIAGE MOTOR Y STOP /
NORMAL 4
ROTATION
ADDITIONAL
FOLDING | /...
MOTOR
REVERSE
ROTATION ¥ |
HOME  S1 s2 HOME
POSITION POSITION




U.S. Patent Sep. 22, 2015 Sheet 2 of 27 US 9,139,399 B2

FIG.3

3
o

500
502 0T 503504

{

%

i

H s

306 e ng Ol 4309
304, = |

] R v T
t ~ - 30T 302 4307
~303 o’ 4308 100
—
X 305 e |
\ 411 [ '"@"’ \M\w’”‘l"o
11 ‘ 402 — T 403

,—-—f‘/

405" )

| 407-, AT
W o O s
/ o | @ é),,\




U.S. Patent

Sep. 22, 2015 Sheet 3 of 27 US 9,139,399 B2
FIG.4
3
10 13 17 12 11\ \
! /f \
/
o Q
@) Q /
A
15

21

/

e |
00 |




U.S. Patent Sep. 22, 2015 Sheet 4 of 27 US 9,139,399 B2

FIG.5

/
| 221 /

294 {

222

291

215

292

210a

L2170




U.S. Patent Sep. 22, 2015

Sheet 5 of 27

\ [
NI
221
207 O Leg
\\ I 204
< 222
\ e
206 |
\(* ”\O 2
260~ 230 &t/
{’\“\\; ) 215
244w~}>»<: . -———-——O—ZO
1 } Y pry
L// / *‘"‘*’“’""L @\292
231 | | Dg
293 {1, *
S R e RN
250/(‘/@(K
208 )(
P \\210
025" A ]

US 9,139,399 B2



U.S. Patent

Sep. 22, 2015 Sheet 6 of 27
FIG.7
A |
205 \\QY‘\}
N

{' ——

231 [ ] oy 4
293 /t,/: 71
vy ||

/T i

US 9,139,399 B2



U.S. Patent Sep. 22, 2015 Sheet 7 of 27 US 9,139,399 B2




U.S. Patent Sep. 22, 2015 Sheet 8 of 27 US 9,139,399 B2

ry -
B 4
[ =1 LN 202
231 !
299{ / i ;f""i
SB1 {{’
Vs S E
2507
\210




U.S. Patent Sep. 22, 2015 Sheet 9 of 27 US 9,139,399 B2

205~ :
D
221
4
SN Q{&*\z%
A 22
@ 291
MDD e
2 .215
S
(0 oo
~ el v
= 292

1

=

(I



U.S. Patent Sep. 22, 2015 Sheet 10 of 27 US 9,139,399 B2

FIG.11

//263
e

262a

265a

2656~}

265¢c-" oA

{XELY




U.S. Patent Sep. 22, 2015 Sheet 11 of 27 US 9,139,399 B2

FIG.13
260
263/
N 270 264
a -
271~ ZzsmmmmF2<6 354 X/'"
| - / - . T foseommememebosoremassssiestcs S
=l — B e
065 ’ c \5“2"5:;‘7:? 277 230 278 275
|| = B R
] = -261a
B \ .
262a ~;62
FIG.14
276

270 a7 \ v
277 278
N\ [ onoro \ //274
7
W

275 272



U.S. Patent Sep. 22, 2015 Sheet 12 of 27 US 9,139,399 B2

FIG.15
273 276 278
o1 4 270 f 274
/ / / jmlgnimigyi] J /
' = W } 4
e
—
275 277 272
FIG.16
;60
La ( Lb 264
gl "/
265a g3 LA P
) I WM 1 ib

261 A )
a i 230 SBZ 1

SB2-2
FIG.17
o6ta 265a 260 D2 -
/
e /




U.S. Patent Sep. 22, 2015 Sheet 13 of 27 US 9,139,399 B2

FIG.18
265a 260 D2
261a f : ?64
@ ; \\ | o e N~ H
S i 230
j% | 1)
SB2-2 - - AN \ssé-1
262a SB
FIG.19
261g 2652 290 D2
\\ i ____ :: 264
............... =N pa
g% { N T ?-{;'“’”} 2
230
ész-zj B - \88\352-1

262a



U.S. Patent Sep. 22, 2015 Sheet 14 of 27 US 9,139,399 B2

FIG.20
612 265a 2?0 D2
\\\ / ,: /264
U i 9
(i |
SB2-2 / -
A 2623
FIG.21
260
o 2230 265a
O \ QS —
g?“‘ ( e s W




U.S. Patent Sep. 22, 2015 Sheet 15 of 27 US 9,139,399 B2

FIG.22
265a 260
D3
/ 264
mgl-_ L
230 - 261a
= —
3522//// - o \ SB2-1
SB 262a
FIG.23
03 260 265a
\ 261a 264
Do s
= e o e N F
230

262a



U.S. Patent Sep. 22, 2015 Sheet 16 of 27 US 9,139,399 B2

FIG.24
D3 260 261a
\\ /  265a 294
"% o i / !
230
B ]
- 7 \ a}
SB2-2/ Sg/ - - \SB2—1
262a
FIG.25
D3 260
/ 265a 264
AT T
) 261a 230




U.S. Patent Sep. 22, 2015 Sheet 17 of 27 US 9,139,399 B2

FIG.26

265a 260

2618\\ §
\

262q SB2-2

FIG.27

260

\ SHEET THICKNESS

\' DIRECTION
N

o -

TANGENTIAL P
DIRECTION *~__

L b
/&

SHEET WIDTH
DIRECTION

<

262a

£.




U.S. Patent Sep. 22, 2015 Sheet 18 of 27 US 9,139,399 B2

FI1G.28

HOME
2§0 POSI{TION S1 S2
~ .




U.S. Patent Sep. 22, 2015 Sheet 19 of 27 US 9,139,399 B2

FIG.30

DIRECTION OF NORMAL ROTATIONAL MOVEMENT
(DIRECTION OF SECOND GUIDE PATH) -t : FRICTION COEFFICIENT BETWEEN

FRICTION FORCE LI Y 260 - UNIT MOVING MECHANISM AND
FA=Pe AP 1 i GUIDE SHAFT 00
P Sy - N o
2612650 T~ GUIDE SHAFT
261a ’@‘\
LT - P: LOAD REACTION FORGE
A Tinim g eo.’ 5B OF SPRING
o ‘\\s\s\é\\! \f‘x 1 d
< 7 ! r=\ = /
262 gy AP1-- LOAD IS APPLIED IN
wfom - mfmimim | "< DIRECTION SAME AS REACTION
2628 1~ " 0; / FORCE OF SPRING
N o
o Pt R

FIG.31

DIRECTION OF NORMAL ROTATIONAL MOVEMENT
(DIRECTION OF FIFTH GUIDE PATH)

‘z

260 o FRICTION FORCE
>  F2=(P-AP)u 280
) = ;
261|265
T4 TN
P: LOAD REACTION _A—"xfw i~ 0L 1
FORCE OF SPRING e
\iﬁiz o -~
I RN P2+ LOAD IS APPLIED IN
22 L =B BIRECTION REVERSE TO REACTION
262a ~—~\ Oz FORCE OF SPRING
N 281
¢ (d ¢
-
[ |



U.S. Patent Sep. 22, 2015 Sheet 20 of 27 US 9,139,399 B2

FIG.32

310

\ o
; 319

312 313

v/ Z

MOTOR
MOTOR
cPU m*%} CONTROL k=™
ON/OFFY | CIRCUIT Vi DRIVER
ROTATION
DIRECTION

SPEED
SETTING

HOME- {.._.315
. POSITION
SENSOR




U.S. Patent Sep. 22, 2015

( START )
S1 |

{S IT ADDITIONAL
FOLDING START
TIMING?

YES

SHEET INFORMATION
ACQUISITION

(THICK/STANDARD PAPER)

Sheet 21 of 27 US 9,139,399 B2
FIG.33
NO
e S2
53
S7

IS THICK PAPER |
- USED?

YES
(THICK PAPER)

NUMBER OF
SHEETS>2

NO
(STANDARD PAPER)

. NO

NUMBER OF |
_ SHEETS25

YES

S5
NORMAL MODE f’/ l FAST MODE
<SPEED SETTING> <SPEED SETTING>
V1eX [mm/s] Vi<Y [mm/s] et S8
V2<Y [mm/s] V2<Y [mm/s]
S6
\\““x ) 4
ADDITIONAL
FOLDING (NOTE) X [mm/s]<Y [mm/s]
OPERATION

END

)




U.S. Patent Sep. 22, 2015 Sheet 22 of 27 US 9,139,399 B2
ROORMAL [ NORMAL MODE: V1<V2 |
X {mm/s]
AVARR
ADDITIONAL |
FOLDING MOTOR | 1 1
E
REVERSE Vo
ROTATION ¥ b Y [mmis]
HP S1 S2 ggmg
POSITION
| FAST MODE:Vi=v2 |
NORMAL 7
ROTATION
ADDITIONAL ﬂ
FOLDING MOTOR |} ' ' ‘
REVERSE )
ROTATION \ Vv Y [mm/s]
HOME St S2 HOME
POSITION POSITION
(NOTE) X [mm/s]<Y [mm/s]
s Y- X R
R 060
DO YOU ALLOW FAST 000
&@gg® | ADDITIONAL FOLDING MODE? 120
00
L] 00 ¢
stop START
q S




U.S. Patent Sep. 22, 2015 Sheet 23 of 27 US 9,139,399 B2

FIG.36

A N |
[ [

ADDITIONAL
P MOTOR MOTOR ~[ FOLDING
P JCONTROLE: Yo 20 ™~ MOTOR
ONJOFF | CIRCUIT (STEPPING
ROTATION MOTOR)
DIRECTION
SPEED ;]\
SETTING
CPU §
315
7T -
HOME-
o POSITION
SENSOR




U.S. Patent Sep. 22, 2015 Sheet 24 of 27 US 9,139,399 B2

FIG.37

HOME-
POSITION 7 r

OFF
SENSOR CARRIAGE .
CARRIAGE MOTOR  HOME STOP /

POSITION HOME
NORMAL 4
ROTATION S1 S2 POSITION

V1

ADDITIONAL
FOLDING MOTOR
v

REVERSE
ROTATION

A A
ADDITIONAL b2
FOLDING MOTOR N1 N1
CURRENT SETTING




U.S. Patent Sep. 22, 2015

Q

START )

Sheet 25 of 27 US 9,139,399 B2

FI1G.38

IS IT ADDITIONAL
FOLDING START
_ TIMING?

YES

NO

SHEET INFORMATION
ACQUISITION
(THICK/STANDARD PAPER)

e S2

IS THICK PAPER
USED?

YES |

NUMBER OF

(THICK PAPER) {UMBER Of
— S4 , -
NUMBER OF YES
SHEETS22 )
YES A
s5
NORMAL MODE o W FASTMODE
<CURRENT SETTING> <CURRENT SETTING>
X [A] 1Y [A] e S8
Y [A] 12—V [A]
| {
v S6
ADDITIONAL FOLDING
OPERATION (NOTE) X [A]>Y [A]

END

¢ )




U.S. Patent Sep. 22, 2015 Sheet 26 of 27 US 9,139,399 B2

FIG.39

HOME

NORMAL”POSITION HOME
ROTATION S1 S2 POSITION

V1

ADDITIONAL : g
FOLDING MOTOR / ’

V1

REVERSE

ROTATION :
A |_NORMAL MODE: 11>2_|
1
ADDITIONAL X [A]
FOLDING MOTOR X 2 YA
CURRENT SETTING

A |  FAST MODE: 11=12 |

ADDITIONAL 2 » 12
FOLDING MOTOR Y [A]
CURRENT SETTING

DO YOU ALLOW )
ENERGY-SAVING ADDITIONAL
FOLDING MODE?




US 9,139,399 B2

Sheet 27 of 27

Sep. 22, 2015

U.S. Patent

02t

~

SLIIHS

SL33IHS
40 H39NN LN d3ddn

wsH

LHOIEM
SISva 133HS

AT # SSTHd ANV SAIM NIL
HLIM 3A0OW ONIJTO4 TYNOLLIAAyY
ONIONVHD d04 SNOLLIGNOD H31IN3T

Lv Old




US 9,139,399 B2

1
SHEET PROCESSING APPARATUS AND
IMAGE FORMING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2013-007618 filed in Japan on Jan. 18, 2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sheet processing appara-
tus performing predetermined processing on a sheet and an
image forming system including the sheet processing appa-
ratus.

2. Description of the Related Art

Known as this kind of sheet processing apparatuses are
ones that perform folding processing on sheets after subjected
to image forming processing performed by image forming
apparatuses. Japanese Patent Application Laid-open No.
2012-20882 discloses a sheet processing apparatus including
a folding plate that presses with an end thereof a folded
position on a sheet surface of a sheet bundle consisting of a
plurality of sheets in the direction perpendicular to the sheet
surface and a pair of folding rollers disposed so as to oppose
to each other with a movement path of the folding plate
therebetween and configured to sandwich the sheet bundle.
The sheet surface is pressed into a sheet folding section by the
folding plate and the sheet bundle is carried with both side
surfaces of the folded position sandwiched by the pair of
rollers, whereby folding in half is performed on the sheet
bundle.

Furthermore, provided on the downstream side of the pair
of folding rollers in the conveying direction of the sheet
bundle is a pair of additional folding rollers configured to
receive a drive force from a driving motor to reciprocate in the
width direction of the sheets that is orthogonal to the convey-
ing direction of the sheet bundle and perform additional fold-
ing on the fold line portion of the sheet bundle. This pair of
additional folding rollers is disposed such that a first roller
member and a second roller member each having an axis in
the conveying direction of the sheet bundle sandwich the
sheet bundle. With the first roller member and the second
roller member sandwiching the fold line portion of the sheet
bundle, the pair of additional folding rollers reciprocates in
the direction of the sheet width, whereby additional folding is
performed on the fold line portion.

The inventors of the present application have developed a
sheet processing apparatus that includes the above-described
pair of additional folding rollers with a first roller member and
a second roller member, in which the first roller member and
the second roller member are displaced relative to each other
in the direction of the sheet width. With the first roller member
and the second roller member thus displaced relative to each
other in the direction of the sheet width, folding is performed
while a sheet bundle is wound onto each roller member,
whereby the folding force can be increased. Furthermore, this
sheet processing apparatus causes a pressing spring to press
the first roller member toward the second roller member,
thereby pressurizing a fold line portion of the sheet bundle
sandwiched between the first roller member and the second
roller member.

In a sheet processing apparatus configured as above, when
a pair of additional folding rollers is reciprocated in the width
direction of sheets to additionally fold a fold line portion of a
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sheet bundle, the load applied when the pair of additional
folding rollers is moved varies depending on the orientation
in which the pair of additional folding rollers moves in the
direction of the sheet width.

More specifically, with a first orientation in which the pair
of additional folding rollers moves in a positional relation in
which the first roller member pressed by the pressing spring
precedes the second roller member, the load applied on the
driving motor increases when the pair of additional folding
rollers is moved. On the contrary, with a second orientation in
which the pair of additional folding rollers moves in a posi-
tional relation in which the second roller member precedes
the first roller member, the load applied on the driving motor
decreases when the pair of additional folding rollers is
moved.

If disregarding such a difference in the load applied on the
driving motor due to the orientation in which the pair of
additional folding rollers moves in the width direction of the
sheets and causing the pair of additional folding rollers to
reciprocate simply with the same driving condition of the
driving motor between the first direction and the second
direction, various problems as described below will arise.

For example, the driving condition of the driving motor is
set so that the moving speed of the pair of additional folding
rollers is the same in both the first orientation and the second
orientation, based on the first orientation in which the load
applied on the driving motor is high. The rotation speed and
the torque of the driving motor have a relation in which the
lower the rotation speed, the higher the torque.

With the first orientation in which the load applied on the
driving motor is high, the pair of additional folding rollers
cannot be moved if the torque of the driving motor is exces-
sively low. For this reason, the rotation speed of the driving
motor needs to be low in order to obtain a high torque, and if
the rotation speed of the driving motor is thus set low, the pair
of additional folding rollers will be moved at a low speed.
Furthermore, if the driving condition of the driving motor is
set so that the moving speed of the pair of additional folding
rollers is the same in both the first orientation and the second
orientation as described above, the pair of additional folding
rollers will be moved at a speed lower than required with the
second orientation in which the load applied on the driving
motor is low. This will cause extra time in an additional
folding operation performed with the pair of additional fold-
ing rollers moved in the second orientation, thereby lowering
the productivity of additionally folded sheet bundles.

As one driving condition other than the one described
above, the electric current applied to the driving motor for
driving the pair of additional folding rollers is set to the same
value between the first orientation and the second orientation,
and the current value is set based on the first orientation in
which the load applied on the driving motor is high. The
current value applied to the driving motor and the torque of
the driving motor have a relation in which the higher the
current value, the higher the torque.

With the first orientation in which the load applied on the
driving motor is high, the pair of additional folding rollers
cannot be moved if the torque of the driving motor is exces-
sively low as described above. The current value applied to
the driving motor thus needs to be set high in order to obtain
a high torque. If the driving condition is set so that the same
current value is applied in both the first orientation and the
second orientation as described above, electric current with a
value higher than required will be applied to the driving motor
with the second orientation in which the load applied on the
driving motor is low. This will cause waste electricity in the
additional folding operation performed with the pair of addi-
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tional folding rollers moved in the second orientation, and
energy saving will not be achieved.

In view of the above-described problems, there is need to
provide a sheet processing apparatus capable of controlling
various problems that can be generated when using a pressur-
izing unit including a first pressurizing member and a second
pressurizing member disposed in a manner displaced in the
direction of a fold of sheets, and an image forming system
including the sheet processing apparatus.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to the present invention, there is provided a
sheet processing apparatus comprising: a pressurizing unit
configured to pressurize a fold line portion of a sheet bundle
in a sandwiching manner between a first pressurizing member
and a second pressurizing member; and a moving unit con-
figured to move the pressurizing unit in the direction of the
fold line of the sheet bundle, the moving unit including at least
a driving motor, wherein the position where the sheet bundle
is pressurized by the first pressurizing member and the posi-
tion where the sheet bundle is pressurized by the second
pressurizing member are shifted in the direction of the fold
line of'the sheet bundle, and a driving condition of the driving
motor is changed between a first orientation in which the
pressurizing unit moves in the positional relation that the first
pressurizing member precedes the second pressurizing mem-
ber and a second orientation in which the pressurizing mem-
ber moves in the positional relation that the second pressur-
izing member precedes the first pressurizing member.

The present invention also provides an image forming sys-
tem including: an image forming apparatus configured to
form an image on a sheet; and a sheet processing apparatus
configured to perform folding processing on the sheet with
the image formed by the image forming apparatus thereon.

In the above-defined image forming system, the sheet pro-
cessing apparatus comprises; a pressurizing unit configured
to pressurize a fold line portion of a sheet bundle in a sand-
wiching manner between a first pressurizing member and a
second pressurizing member; and a moving unit configured to
move the pressurizing unit in the direction of the fold line of
the sheet bundle, the moving unit including at least a driving
motor, wherein the position where the sheet bundle is pres-
surized by the first pressurizing member and the position
where the sheet bundle is pressurized by the second pressur-
izing member are shifted in the direction of the fold line of the
sheet bundle, and a driving condition of the driving motor is
changed between a first orientation in which the pressurizing
unit moves in the positional relation that the first pressurizing
member precedes the second pressurizing member and a sec-
ond orientation in which the pressurizing member moves in
the positional relation that the second pressurizing member
precedes the first pressurizing member.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a timing chart for explaining a series of additional
folding operations of a sheet bundle performed by an addi-
tional folding roller unit according to a first configuration
example;
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FIG. 2 is adiagram illustrating a system configuration of an
image forming system according to an embodiment of the
present invention;

FIG. 3 is a diagram for explaining an image forming appa-
ratus included in the image forming system;

FIG. 4 is a diagram for explaining a sheet bundling appa-
ratus included in the image forming system;

FIG. 5 is a diagram for explaining a saddle-stitching book-
binding apparatus included in the image forming system;

FIG. 6 is an operation explanatory diagram of the saddle-
stitching bookbinding apparatus, illustrating a state in which
a sheet bundle is being carried onto a center-folding convey-
ing path;

FIG. 7 is an operation explanatory diagram of the saddle-
stitching bookbinding apparatus, illustrating a state in which
the sheet bundle is being saddle-stitched;

FIG. 8 is an operation explanatory diagram of the saddle-
stitching bookbinding apparatus, illustrating a state in which
the sheet bundle has moved to a center-folding position;

FIG. 9 is an operation explanatory diagram of the saddle-
stitching bookbinding apparatus, illustrating a state in which
a center-folding operation of the sheet bundle is being per-
formed;

FIG. 10 is an operation explanatory diagram of the saddle-
stitching bookbinding apparatus, illustrating a state in which
the sheet bundle thus center-folded is being discharged;

FIG. 11 is a main part front view illustrating the additional
folding roller unit and a pair of folding rollers;

FIG. 12 is amain part side view of FIG. 11 as seen from the
left side;

FIG. 13 is a diagram illustrating details of a guide member;

FIG. 14 is a diagram illustrating in a close-up manner the
main part of FIG. 13 in the state in which a path switching
claw has not been switched over;

FIG. 15 is a diagram illustrating in a close-up manner the
main part of FIG. 13 in the state in which a first path switching
claw has been switched over;

FIG. 16 is an operation explanatory diagram of the addi-
tional folding operations in the initial state;

FIG. 17 is an operation explanatory diagram illustrating a
state of the additional folding roller unit at the start of forward
movement;

FIG. 18 is an operation explanatory diagram illustrating a
state in which the vicinity of the center of the sheet bundle
with the additional folding roller unit is reaching a third guide
path;

FIG. 19 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit is pushing
away the first path switching claw to enter a second guide
path;

FIG. 20 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit is moving in
the direction toward the end part while pressing the sheet
bundle;

FIG. 21 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit has moved to
the final position of forward movement along the second
guide path;

FIG. 22 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit has started
backward movement from the final position of forward move-
ment;

FIG. 23 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit has started
backward movement and reached a sixth guide member;
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FIG. 24 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit has reached
the sixth guide member and is moving from a pressure-release
state to a pressing state;

FIG. 25 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit has entered a
fifth guide path and is in a complete pressing state;

FIG. 26 is an operation explanatory diagram illustrating a
state in which the additional folding roller unit has continued
moving through the fifth guide path and returned to the home
position;

FIG. 27 is a diagram used for explanation of positional
relation between an upper additional folding roller and a
lower additional folding roller;

FIG. 28 is an explanatory diagram of points based on which
the additional folding roller unit in an additional folding
mechanism moves in accordance with a unit moving mecha-
nism;

FIG. 29 is a detailed explanatory diagram of the additional
folding roller unit;

FIG. 30 is an explanatory diagram illustrating the addi-
tional folding roller unit moved in the direction of normal
rotational movement;

FIG. 31 is an explanatory diagram illustrating the addi-
tional folding roller unit moved in the direction of reverse
rotational movement;

FIG. 32 is a block diagram related to drive control of an
additional folding roller unit according to the first configura-
tion example;

FIG. 33 is a flowchart illustrating an example of changing
speed settings based on conditions such as the thickness (ba-
sis weight) and the number of sheets;

FIG. 34 is a timing chart for explaining a speed setting
based on the movement direction of an additional folding
roller unit 260 in a normal mode and a fast mode.

FIG. 35 is an explanatory diagram illustrating selection
made by a user on whether or not to allow a fast additional
folding mode on an operation panel of the image forming
apparatus;

FIG. 36 is a block diagram related to drive control of an
additional folding roller unit according to a second configu-
ration example;

FIG. 37 is a timing chart for explaining a series of addi-
tional folding operations of a sheet bundle performed by the
additional folding roller unit according to the second configu-
ration example;

FIG. 38 is a flowchart illustrating an example of changing
motor current settings based on conditions such as the thick-
ness (basis weight) and the number of sheets;

FIG. 39 is a timing chart for explaining changes in the
motor current settings based on the movement direction of the
additional folding roller unit between a normal mode and an
energy-saving mode;

FIG. 40 is an explanatory diagram illustrating selection
made by a user on whether or not to allow an energy-saving
additional folding mode on an operation panel of the image
forming apparatus; and

FIG. 41 is an explanatory diagram illustrating optional
change made by a user in operation mode setting conditions
on the operation panel of the image forming apparatus.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 is a diagram illustrating the system configuration of
an image forming system 4 including an image forming appa-
ratus and a plurality of sheet processing apparatuses accord-
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ing to an embodiment of the present invention. In the image
forming system 4 in the present embodiment, a sheet bun-
dling apparatus 1 serving as a first sheet post-processing
apparatus and a saddle-stitching bookbinding apparatus 2
serving as a second sheet post-processing apparatus are
sequentially provided in the subsequent stage of an image
forming apparatus 3.

The image forming apparatus 3 is configured to form an
image on a sheet based on image data that has been input or
image data that has been read from an image. For example, a
copying machine, a printer, a facsimile machine, or a digital
multifunctional peripheral having at least two of these func-
tions correspond to the image forming apparatus 3. The image
forming apparatus 3 may employ any type of image forming
method including known methods such as electrophoto-
graphic system and liquid droplet injection system. It should
be noted that an electrophotographic copying machine is used
in the present embodiment.

FIG. 3 is a diagram for explaining the image forming
apparatus 3.

An image forming apparatus main body 400 includes feed-
ing cassettes for containing sheets serving as recording media
in the lower part of an image forming unit. Each of the sheets
contained in the feeding cassettes is fed by feeding rollers
414a and 4145 before carried to the upper part along a pre-
determined conveying path to reach a pair of registration
rollers 413.

The image forming unit includes a photosensitive drum
401 as an image carrier, a charging device 402, an exposure
device 410, a developing device 404, a transfer device 405,
and a cleaning device 406.

The charging device 402 is a charging unit for charging the
surface of the photosensitive drum 401 uniformly. The expo-
sure device 410 is a latent image forming unit for forming a
latent image on the photosensitive drum 401 based on image
information read by an image reading device 100. The devel-
oping device 404 is a developing unit for attaching toner to an
electrostatic latent image on the photosensitive drum 401 to
visualize the electrostatic latent image. The transfer device
405 is a transfer unit for transferring a toner image on the
photosensitive drum 401 onto a sheet. The cleaning device
406 is a cleaning unit for removing residual toner left on the
photosensitive drum 401 after the transferring process.

Furthermore, disposed on the downstream side in the sheet
conveying direction of the image forming unit is a fixing
device 407 as a fixing unit for fixing the toner image on the
sheet.

The exposure device 410 includes a laser unit 411 that
emits laser light based on the image information under the
control of a controller (not illustrated) and a polygon mirror
412 that causes the laser light from the laser unit 411 to scan,
viamirror 403, the photosensitive drum 401 in the direction of
its rotary shaft (main-scanning direction).

Furthermore, connected to the upper part of the image
reading device 100 is an automatic document feeding device
500. The automatic document feeding device 500 includes a
document table 501, a document separating and feeding roller
502, a feeding belt 503, and a document discharging tray 504.

When documents are set on the document table 501 and a
reading start instruction is received, the documents on the
document table 501 are fed out by the document separating
and feeding roller 502 one by one in the automatic document
feeding device 500. Each of the documents is then guided
onto a platen glass 309 by the feeding belt 503 before tem-
porarily stopped.

Image information on the documents temporarily stopped
on the platen glass 309 is then read by the image reading
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device 100. Thereafter, the feeding belt 503 restarts feeding
the documents and the documents thus fed are discharged into
the document discharging tray 504.

An image reading operation and an image forming opera-
tion will now be described.

Once a document has been fed onto the platen glass 309 by
the automatic document feeding device 500 or placed on the
platen glass 309 by the user, and an operation panel (not
illustrated) has received a copy start operation, a light source
301 on a first runner 303 turns on. This causes the first runner
303 and a second runner 306 to be moved along a guide rail
(not illustrated) at the same time.

Light is then emitted from the light source 301 onto the
document placed on the platen glass 309, and reflected light
thereof is guided by a mirror 302 on the first runner 303 and
a mirror 304 and a mirror 305 on the second runner 306, and
alens 307 to be received by a CCD 308. This causes the CCD
308 to read image information on the document and the image
information thus read is converted from analog data into
digital data by an A/D conversion circuit. This image infor-
mation is sent from an information outputting unit (not illus-
trated) to the image forming apparatus main body 400.

The image forming apparatus main body 400 starts to drive
the photosensitive drum 401. When the photosensitive drum
401 is rotated at a predetermined speed, the image forming
apparatus main body 400 causes the charging device 402 to
charge the surface of the photosensitive drum 401 uniformly.
The exposure device 410 then forms an electrostatic latent
image based on the image information read by the image
reading device on the surface of the photosensitive drum 401
thus charged.

The electrostatic latent image on the surface of the photo-
sensitive drum 401 is developed by the developing device 404
to be a toner image. a sheet contained in one of the feeding
cassettes is fed by the feeding rollers 414a or 4145 and tem-
porarily stopped by the pair of registration rollers 413.

The sheet is then fed into a transfer unit by the pair of
registration roller 413 in accordance with the timing that the
leading end of the toner image thus formed on the surface of
the photosensitive drum 401 reaches a transfer section oppos-
ing the transfer device 405. When the sheets pass the transfer
section, the toner image formed on the surface of the photo-
sensitive drum 401 is transferred onto the sheet by the action
of the transfer electric field.

The sheets are then carried to the fixing device 407 and
undergo fixing processing performed by the fixing device 407
before discharged into the sheet bundling apparatus 1 in the
subsequent stage. It should be noted that residual toner left on
the surface of the photosensitive drum 401 that had not been
transferred to the sheet at the transfer section is removed by
the cleaning device 406.

FIG. 4 is a diagram for explaining the sheet bundling appa-
ratus 1.

The sheet bundling apparatus 1 is a sheet post-processing
apparatus that has a sheet bundle creating function for receiv-
ing the sheets one by one from the image forming apparatus 3
and performing superposition and registration sequentially
on the sheets thus received to create a sheet bundle SB.

The sheet bundling apparatus 1 includes a conveying path
Ptl for receiving the sheets discharged from the image form-
ing apparatus 3 and discharging the sheets thus received,
without any processing, into the saddle-stitching bookbind-
ing apparatus 2 in the subsequent stage. The sheet bundling
apparatus 1 further includes a conveying path Pt2 for bun-
dling sheets, that is bifurcated off from the conveying path
Ptl. Each of the conveying paths Ptl and Pt2 is formed of a
guide member (not illustrated), for example.
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Sequentially disposed on the conveying path Pt1 from the
upstream side of the conveying path Ptl to the downstream
side of the conveying path Pt1 in the sheet conveying direc-
tion are a pair of inlet rollers 11, a pair of carriage rollers 12,
a pair of carriage rollers 13, and a pair of sheet discharging
rollers 10.

In the description below, the upstream side in the sheet
conveying direction may be simply referred to as the
upstream side, and the downstream side in the sheet convey-
ing direction may be simply referred to as the downstream
side.

The pair of inlet rollers 11, the pair of carriage rollers 12,
the pair of carriage rollers 13, and the pair of sheet discharg-
ing rollers 10 are rotationally driven by a motor (not illus-
trated) to carry the sheets.

Disposed on the upstream side in the sheet conveying
direction of the pair of inlet rollers 11 is an inlet sensor 15.
The inlet sensor 15 detects that a sheet has been carried into
the sheet bundling apparatus 1. Disposed on the downstream
side in the sheet conveying direction of the pair of carriage
rollers 12 is a bifurcating claw 17 that is rotatable and driven
by amotor or a solenoid, for example. The bifurcating claw 17
is rotated to change the position thereof, thereby selectively
guiding the sheets either to the section on the downstream
side in the sheet conveying direction of the bifurcating claw
17 on the conveying path Ptl or to the conveying path Pt2.

In the discharging mode, the sheets carried onto the con-
veying path Ptl from the image forming apparatus 3 are
carried by the pair of inlet rollers 11, the pairs of carriage
rollers 12 and 13, and the pair of sheet discharging rollers 10
to be discharged into the saddle-stitching bookbinding appa-
ratus 2 in the subsequent stage.

In contrast, in the sheet bundling mode, the sheets carried
onto the conveying path Ptl are carried by the pair of inlet
rollers 11 and the pair of carriage roller 12 and caused to
change the direction thereof by the bifurcating claw 17 to be
carried onto the conveying path Pt2.

Disposed on the conveying path Pt2 are pairs of carriage
rollers 20, 21, and 22, a sheet stacking tray 23, a jogger fence
24, and a trailing-end reference fence 25, for example. It
should be noted that the pairs of carriage rollers 20, 21, and 22
and the jogger fence 24 are driven by a motor (not illustrated).

The sheets carried onto the conveying path Pt2 are sequen-
tially stacked on the sheet stacking tray 23. A sheet bundle is
thus formed with a plurality of sheets stacked. During this
operation, the position of the sheet bundle in the sheet con-
veying direction is aligned by a movable reference fence (not
illustrated) provided on the sheet stacking tray 23 and the
trailing-end reference fence 25, and at the same time, the
position of the sheet bundle in the width direction is aligned
by the jogger fence 24. It should be noted that the movable
reference fence is driven by a motor.

The sheet stacking tray 23, the jogger fence 24, the trailing-
end reference fence 25, and the movable reference fence
together constitute a bundling section 28 serving as a bun-
dling unit that stacks a plurality of sheets to form a sheet
bundle. The bundling section 28 also includes the motor that
drives the jogger fence 24 and the motor that drives the
movable reference fence.

The sheet bundle bundled by the bundling section 28 is
carried onto the conveying path Pt1 by the movable reference
fence and then discharged into the saddle-stitching bookbind-
ing apparatus 2 in the subsequent stage by the pair of carriage
rollers 13 and the pair of sheet discharging rollers 10.

FIG. 5 is a diagram for explaining the saddle-stitching
bookbinding apparatus 2. The saddle-stitching bookbinding
apparatus 2 receives the sheet bundle SB discharged from the
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sheet bundling apparatus 1 and performs saddle-stitching
processing and center-folding processing on the sheet bundle
thus received.

The saddle-stitching bookbinding apparatus 2 includes an
inlet conveying path 241, a sheet-through conveying path
242, and a center-folding conveying path 243, for example.
Provided in the most upstream side in the sheet conveying
direction of the inlet conveying path 241 is a pair of inlet
rollers 201, with which the sheet bundle SB discharged from
the pair of sheet discharging rollers 10 of the sheet bundling
apparatus 1 is carried into the saddle-stitching bookbinding
apparatus 2.

Rotatably provided on the downstream side of the pair of
inlet rollers 201 in the inlet conveying path 241 is a bifurcat-
ing claw 202. The bifurcating claw 202 is installed in the
horizontal direction in FIG. 5, and bifurcates the conveying
direction of the sheet bundle SB into the direction toward the
sheet-through conveying path 242 and the direction toward
the center-folding conveying path 243.

The sheet-through conveying path 242 is a path that
extends horizontally from the inlet conveying path 241 and
guides the sheet bundle SB to a sheet discharging tray (not
illustrated) or a sheet processing device in the subsequent
stage (not illustrated). Furthermore, the sheet bundle SB car-
ried through the sheet-through conveying path 242 is dis-
charged to the sheet discharging tray or the sheet processing
device in the subsequent stage by an upper discharging roller
203.

The center-folding conveying path 243 is a conveying path
that extends vertically downward from the position of the
bifurcating claw 202 and is used for saddle-stitching process-
ing and center-folding processing performed on the sheet
bundle SB.

The center-folding conveying path 243 is provided with a
folding plate 215 for performing center-folding on the sheet
bundle SB. The center-folding conveying path 243 is further
provided with an upper sheet bundle conveying guide board
207 that guides the sheet bundle SB above the folding plate
215 and a lower sheet bundle conveying guide board 208 that
guides the sheet bundle SB below the folding plate 215, for
example.

The upper sheet bundle conveying guide board 207 is pro-
vided with upper sheet bundle carriage rollers 205, a trailing-
end hitting claw 221, and lower sheet bundle carriage rollers
206, to describe in order from the top.

The trailing-end hitting claw 221 is installed in a standing
manner on a trailing-end hitting claw driving belt 222 that is
driven by a driving motor (not illustrated). The trailing-end
hitting claw 221 hits (presses) the trailing end of the sheet
bundle to the movable fence side by the reciprocating rotation
motion of the trailing-end hitting claw driving belt 222 to
perform the registration operation of the sheet bundle SB. The
trailing-end hitting claw 221 also recedes from the center-
folding conveying path 243 (the position marked with a bro-
ken line in FIG. 5) when the sheet bundle SB is carried in or
raised for the purpose of center-folding.

A trailing-end hitting claw home-position sensor 294 is a
sensor for detecting the home position of the trailing-end
hitting claw 221, and detects the position marked with a
broken line in FIG. 5 (the position marked with a solid line in
FIG. 6) where the trailing-end hitting claw 221 is located after
receding from the center-folding conveying path 243 as the
home position. It should be noted that the trailing-end hitting
claw 221 is controlled with reference to this home position.
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Provided on the lower sheet bundle conveying guide board
208 is a saddle-stitching stapler 250, a saddle-stitching jogger
fence 225, and a movable fence 210, to describe in order from
the top.

The lower sheet bundle conveying guide board 208 is a
guide board that receives the sheet bundle SB carried in
through the upper sheet bundle conveying guide board 207.
Installed in the width direction of the lower sheet bundle
conveying guide board 208 is a pair of saddle-stitching jogger
fence 225. In the lower part than the lower sheet bundle
conveying guide board 208, the movable fence 210 that can be
moved in the vertical direction is installed, which is abutted
by the leading end of the sheet bundle.

The saddle-stitching stapler 250 is a binding tool that binds
the center portion of the sheet bundle SB. The movable fence
210 is moved in the vertical direction with the leading end of
the sheet bundle SB abutted thereon to locate the center posi-
tion of the sheet bundle SB in the position opposing the
saddle-stitching stapler 250. In this position, stapling pro-
cessing, that is, saddle-stitching is performed on the sheet
bundle SB.

The movable fence 210 is supported by a movable fence
driving mechanism 210a and can be moved from the position
of'a movable fence home-position sensor 292 of the movable
fence driving mechanism 210q at the highest to the position of
the lowermost part of the movable fence driving mechanism
210q at the lowest.

For the movable range of the movable fence 210 abutted by
the leading end of the sheet bundle SB, a range is secured for
all sizes from the largest to the smallest that can be handled by
the saddle-stitching bookbinding apparatus 2. It should be
noted that a rack and pinion mechanism, for example, is used
as the movable fence driving mechanism 210a.

Provided between the upper sheet bundle conveying guide
board 207 and the lower sheet bundle conveying guide board
208, namely, approximately in the center of the center-folding
conveying path 243 are the folding plate 215, a pair of folding
rollers 230, an additional folding roller unit 260, and lower
sheet discharging rollers 231, for example.

The additional folding roller unit 260 is provided with an
upper additional folding roller 261a and a lower additional
folding roller 2624 (see FI1G. 11) together constituting a pair
of rollers with a sheet discharging path between the pair of
folding rollers 230 and the lower sheet discharging rollers 231
interposed therebetween.

The folding plate 215 can reciprocate in the horizontal
direction in FIG. 5. The nip of the pair of folding rollers 230
is positioned on the downstream side of the folding plate 215
in the direction that the folding plate 215 moves in performing
afolding operation. On the extension line from the nip, a sheet
discharge conveying path 244 is installed.

The lower sheet discharging rollers 231 are provided in the
most downstream of the sheet discharge conveying path 244
to discharge, in the subsequent stage, the sheet bundle SB
having undergone folding processing.

Provided on the lower end side of the upper sheet bundle
conveying guide board 207 is a sheet bundle detecting sensor
291 to detect the leading end of the sheet bundle SB that is
carried into the center-folding conveying path 243 and pass-
ing the center-folding position. Furthermore, the sheet dis-
charge conveying path 244 is provided with a fold line portion
passing sensor 293 to detect the leading end of the sheet
bundle SB thus center-folded in half to determine that the
sheet bundle SB is passing.

Inthe saddle-stitching bookbinding apparatus 2 configured
as illustrated in FIG. 5, the saddle-stitching operation and the
center-folding operation are performed as illustrated in the
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operation explanatory diagrams in FIGS. 6 to 10. Specifically,
when saddle-stitching and center-folding are selected from
the operation panel (not illustrated) of the image forming
apparatus 3, the sheet bundle SB, for which the saddle-stitch-
ing and the center-folding are selected, is guided from the
inlet conveying path 241 to the center-folding conveying path
243 by the rotation motion of the bifurcating claw 202 in the
counterclockwise direction in FIG. 5. Although the bifurcat-
ing claw 202 is driven by a solenoid in the present embodi-
ment, the bifurcating claw 202 may be driven by a motor
instead of a solenoid.

The sheet bundle SB carried into the center-folding con-
veying path 243 is carried through the center-folding convey-
ing path 243 in the downward direction by the pair of inlet
rollers 201 and the upper sheet bundle carriage rollers 205.
After the sheet bundle detecting sensor 291 detects that the
leading end of the sheet bundle SB has passed, the lower sheet
bundle carriage rollers 206 carry the sheet bundle SB to the
position where the leading end of the sheet bundle SB abuts
the movable fence 210, as illustrated in FIG. 6.

In this process, the movable fence 210 is stopped in difter-
ent stopping positions depending on information of the sheet
size, or information of the size of each sheet bundle SB in the
conveying direction in this case, from the image forming
apparatus 3. At this point, the lower sheet bundle carriage
rollers 206 hold the sheet bundle SB in a sandwiching manner
with the nip thereof and the trailing-end hitting claw 221
waits in the home position thereof shown in FIG. 6.

In this state, the hold in a sandwiching manner by the lower
sheet bundle carriage rollers 206 is released as illustrated in
FIG. 7 (inadirection indicated by an arrowed line ain FIG. 7),
the leading end of the sheet bundle SB abuts the movable
fence 210, and the sheet bundle SB is stacked with the trailing
end thereof in the free state. Thereafter, the trailing-end hit-
ting claw 221 is driven to hit the trailing end of the sheet
bundle SB, thereby performing the final alignment of the
sheet bundle SB in the conveying direction (in the direction
indicated by an arrowed line ¢ in FIG. 7).

The alignment operation of the sheet bundle SB in the
width direction (the direction orthogonal to the sheet convey-
ing direction) is then performed by the saddle-stitching jog-
ger fence 225. The alignment operations of the sheet bundle
SB in the width direction and the conveying direction are thus
performed, whereby the registration operation of the sheet
bundle SB in the width direction and the conveying direction
is completed. For these operations, the quantities to be
pressed by the trailing-end hitting claw 221 and the saddle-
stitching jogger fence 225 are changed to appropriate values
based on information such as the sheet size, the number of the
sheets in the sheet bundle SB, and the thickness of the sheet
bundle. The registration operation is performed based on the
values.

Furthermore, the thicker the sheet bundle SB is, the space
inside of the center-folding conveying path 243 decreases.
Only one registration operation therefore cannot completely
perform the registration of the sheet bundle SB in many cases.
For this reason, the number of times of registration of the
sheet bundle SB for such a case increases. This can provide a
better registration condition.

It should be noted that the larger the number of the sheets is,
the more it takes time required to stack a plurality of sheets
sequentially to form a sheet bundle SB with the sheet bun-
dling apparatus 1 provided in the stage prior to the saddle-
stitching bookbinding apparatus 2. The time allowed for the
saddle-stitching bookbinding apparatus 2 to receive the next
sheet bundle SB from the sheet bundling apparatus 1 also
increases accordingly. Therefore, even if the number of times
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ofregistration of the sheet bundle SB increases for the saddle-
stitching bookbinding apparatus 2, no time loss is generated
for the system as a whole, and a good registration condition
can be thus achieved effectively. This makes it possible to
control the number of times of registration of the sheet bundle
SB performed by the saddle-stitching bookbinding apparatus
2 in accordance with the processing time required in the sheet
bundling apparatus 1 and other components provided in the
stage prior to the saddle-stitching bookbinding apparatus 2.

It should be noted that the waiting position of the movable
fence 210 is normally set to the position where the saddle-
stitching position of the sheet bundle SB opposes the binding
position of the saddle-stitching stapler 250. This is because if
registration of the sheet bundle SB is performed in this posi-
tion, binding processing can be performed in the position
where the sheet bundle SB is stacked in the center-folding
conveying path 243 without moving the movable fence 210 to
the center-folding position of the sheet bundle SB. The
stitcher of the saddle-stitching stapler 250 is then moved in
the direction indicated by an arrowed line b in FIG. 7 to the
center portion of the sheet bundle SB in this waiting position
and performs binding processing with the clincher, whereby
the saddle-stitching is performed on the sheet bundle SB.

The movable fence 210 is positioned under the pulse con-
trol from the movable fence home-position sensor 292. The
trailing-end hitting claw 221 is positioned under the pulse
control from the trailing-end hitting claw home-position sen-
sor 294. The positioning controls of the movable fence 210
and the trailing-end hitting claw 221 are performed by a CPU
of a control circuit (not illustrated) of the saddle-stitching
bookbinding apparatus 2.

The sheet bundle SB saddle-stitched in the state illustrated
in FIG. 7 is conveyed to the position where the saddle-stitch-
ing portion thereof opposes the folding plate 215 with the
hold in a sandwiching manner by the lower sheet bundle
carriage rollers 206 released as illustrated in FIG. 8, in accor-
dance with the upward movement of the movable fence 210.
It should be noted that this position is also controlled with
reference to the detection position of the movable fence
home-position sensor 292. Furthermore, the saddle-stitching
portion described above is the center portion in the sheet
bundle SB conveying direction.

When the sheet bundle SB reaches the position illustrated
in FIG. 8, the folding plate 215 is moved toward the nip of the
pair of folding rollers 230 as illustrated in FIG. 9 to abut the
part in the vicinity of the staples binding the sheet bundle SB
from the approximately perpendicular direction thereto and
press the part out toward the nip of the pair of folding rollers
230.

The sheet bundle SB is pressed by the folding plate 215 and
guided to the nip of the pair of folding rollers 230 to be
pressed in the nip of the pair of folding rollers 230 rotated in
advance. The pair of folding rollers 230 carries the sheet
bundle SB pressed in the nip thereof while pressurizing the
sheet bundle SB. This pressure-carriage operation performs
folding on the center of the sheet bundle SB, whereby a sheet
bundle SB with simplified-bookbinding applied thereon is
formed. It should be noted that FIG. 9 illustrates the state in
which the leading edge ofa fold line portion SB1 of the sheet
bundle SB is sandwiched and pressurized by the nip of the
pair of folding rollers 230.

In the state illustrated in FIG. 9, the sheet bundle SB with
the center portion thereof folded in double is carried by the
pair of folding rollers 230 as illustrated in FIG. 10 and further
carried by the lower sheet discharging rollers 231 to be dis-
charged in the subsequent stage. When the trailing end of the
folded-in-half sheet bundle SB is detected by the fold line
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portion passing sensor 293 in the operation described above,
the folding plate 215 and the movable fence 210 return to their
home positions and the lower sheet bundle carriage rollers
206 return to the pressing state, preparing for the carrying-in
of the next sheet bundle SB.

Furthermore, if the sheet bundle SB for the next job is
formed of the same number of sheets with the same size, the
movable fence 210 may be arranged to be moved to the
position illustrated in FIG. 6 again to be waiting. It should be
noted that these controls are also performed by the CPU of the
control circuit described above.

FIG. 11 is a main part front view illustrating the additional
folding roller unit 260 and the pair of folding rollers 230. FIG.
12 is a main part side view of FIG. 11 as seen from the left side
in FIG. 11.

The additional folding roller unit 260 is installed on the
sheet discharge conveying path 244 between the pair of fold-
ing rollers 230 and the lower sheet discharging rollers 231 and
includes a unit moving mechanism 263, a guide member 264,
and a pressurizing mechanism 265, for example.

The pair of folding rollers 230 is structured as a pair of
skewed rollers each of which includes a plurality of rollers
disposed at intervals in the shaft direction.

The unit moving mechanism 263 causes the additional
folding roller unit 260 to reciprocate in the depth direction in
FIG. 12 (in the direction orthogonal to the sheet conveying
direction) along the guide member 264 by means of a driving
source and a driving mechanism (not illustrated).

The pressurizing mechanism 265 includes an additional
folding roller upper unit 261 and an additional folding roller
lower unit 262. The pressurizing mechanism 265 is a mecha-
nism that pressurizes the sheet bundle SB from the vertical
direction by causing the additional folding roller upper unit
261 and the additional folding roller lower unit 262 to apply
pressure.

The additional folding roller upper unit 261 is supported by
a supporting member 26556 relative to the unit moving mecha-
nism 263 in a vertically movable manner. The additional
folding roller lower unit 262 is attached to the lower end of the
supporting member 2655 of the pressurizing mechanism 265
in a non-movable manner.

The upper additional folding roller 261a of the additional
folding roller upper unit 261 can be pressed against the lower
additional folding roller 2624 of the additional folding roller
lower unit 262. The sheet bundle SB is sandwiched and pres-
surized in the nip of the upper additional folding roller 261a
and the lower additional folding roller 2624a. The pressurizing
force in this operation is applied by a pressing spring 265¢
that pressurizes the additional folding roller upper unit 261
with an elastic force. With the sheet bundle SB pressurized by
the pressurizing mechanism 265, the upper additional folding
roller 261a and the lower additional folding roller 262a are
moved in the width direction of the sheet bundle SB (in the
direction indicated by an arrowed line D1 in FIG. 12) as
described later to perform additional folding on the fold line
portion SB1.

FIG. 13 is a diagram illustrating details of the guide mem-
ber 264. The guide member 264 includes a guide path 270 that
guides the additional folding roller unit 260 in the width
direction of the sheet bundle SB. This guide path 270 is
provided with six paths including a first guide path 271, a
second guide path 272, a third guide path 273, a fourth guide
path 274, a fifth guide path 275, and a sixth guide path 276.

The first guide path 271 is a path that guides the pressur-
izing mechanism 265 in the pressure-release state at the time
of forward movement. The second guide path 272 is a path
that guides the pressurizing mechanism 265 in the pressuriz-
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ing state at the time of forward movement. The third guide
path 273 is a path that switches the pressurizing mechanism
265 from the pressurizing state to the pressure-release state at
the time of forward movement. The fourth guide path 274 is
a path that guides the pressurizing mechanism 265 in the
pressure-release state at the time of backward movement. The
fifth guide path 275 is a path that guides the pressurizing
mechanism 265 in the pressurizing state at the time of back-
ward movement. The sixth guide path 276 is a path that
switches the pressurizing mechanism 265 from the pressure-
release state to the pressurizing state at the time of backward
movement.

FIGS. 14 and 15 are diagrams illustrating the main part of
FIG. 13 in a close-up manner. It should be noted that an
arrowed line in FIG. 15 indicates the moving locus of a guide
pin 265a of the pressurizing mechanism 265.

As illustrated in FIGS. 14 and 15, a first path switching
claw 277 is installed at the intersection between the third
guide path 273 and the second guide path 272, and a second
path switching claw 278 is installed at the intersection
between the sixth guide path 276 and the fifth guide path 275.

The pressurizing mechanism 265 moves along the guide
path 270 because the guide pin 265a of the pressurizing
mechanism 265 is movably fitted in the guide path 270 in a
loosely fitted state. In other words, the guide path 270 func-
tions as a cam groove, and the guide pin 2654a functions as a
cam follower changing the position thereof while moving
along this cam groove.

The first path switching claw 277 is pressed down from
above by the guide pin 265a of the pressurizing mechanism
265 and thereby rotated to switch the guide path from the third
guide path 273 to the second guide path 272, as illustrated in
FIG. 15. Furthermore, the second path switching claw 278 is
pressed down from above by the guide pin 2654 of the pres-
surizing mechanism 265 and thereby rotated to switch the
guide path from the sixth guide path 276 to the fifth guide path
275.

In contrast, switching the guide path from the second guide
path 272 to the third guide path 273 cannot be performed by
the first path switching claw 277, and switching the guide
path from the fitth guide path 275 to the sixth guide path 276
cannot be performed by the second path switching claw 278.
In other words, the first path switching claw 277 and the
second path switching claw 278 are configured so as not to
switch the guide paths in the reverse direction.

FIGS. 16 to 26 are operation explanatory diagrams illus-
trating the additional folding operation performed by the
additional folding roller unit 260.

FIG. 16 illustrates a state in which the sheet bundle SB
folded by the pair of folding rollers 230 is carried to the
additional folding position set in advance to be stopped and
the additional folding roller unit 260 is in the waiting position.
This position in this state is the initial position of the addi-
tional folding operation.

The additional folding roller unit 260 starts forward move-
ment from the initial position illustrated in FIG. 16 to the right
direction in FIG. 17 (in a direction indicated by an arrowed
line D2), as illustrated in FIG. 17. During this operation, the
pressurizing mechanism 265 in the additional folding roller
unit 260 moves along the guide path 270 of the guide member
264 by the operation of the guide pin 2654, and after the start
of'the operation, moves along the first guide path 271. During
this operation, the upper additional folding roller 261a and
the lower additional folding roller 262a are in the pressure-
release state.

The “pressure-release state” described above is a state in
which the upper additional folding roller 261a and the lower



US 9,139,399 B2

15

additional folding roller 262a are in contact with the sheet
bundle SB but almost no pressure is applied to the sheet
bundle SB, or the upper additional folding roller 261« and the
lower additional folding roller 262a are apart from the sheet
bundle SB.

When in the vicinity ofthe center of the sheet bundle SB the
additional folding roller unit 260 reaches the third guide path
273 as illustrated in FIG. 18, the pressurizing mechanism 265
starts downward movement along the third guide path 273,
and pushes away the first path switching claw 277 to enter the
second guide path 272, as illustrated in FIG. 19. This opera-
tion causes the pressurizing mechanism 265 to pressurize the
additional folding roller upper unit 261, which in turn abuts
the sheet bundle SB, and the sheet bundle SB sandwiched by
the upper additional folding roller 261a and the lower addi-
tional folding roller 262a starts to be pressurized.

With the sheet bundle SB pressurized as described above,
the additional folding roller unit 260 is further moved to the
direction indicated by the arrowed line D2 as illustrated in
FIG. 20. Because the second path switching claw 278 cannot
be moved in the reverse direction, the guide pin 2654 of the
pressurizing mechanism 265 is not guided to the sixth guide
path 276, but is moved along the second guide path 272, and
as shown in FIG. 21, the additional folding roller unit 260
passes the sheet bundle SB to be located in the final position
of reciprocation.

After the additional folding roller unit 260 has moved as
described above, the guide pin 265a of the pressurizing
mechanism 265 moves from the second guide path 272 to the
fourth guide path 274 in the upper part. As a result, the
positional restriction of the guide pin 265a due to the upper
surface of the second guide path 272 is released. The upper
additional folding roller 261q is thus apart from the lower
additional folding roller 262a to be in the pressure-release
state.

The unit moving mechanism 263 then causes the additional
folding roller unit 260 to start backward movement as illus-
trated in FIG. 22. In the backward movement, the pressurizing
mechanism 265 moves in the leftward direction (a direction
indicated by an arrowed line D3) in FIG. 22 along the fourth
guide path 274. When the pressurizing mechanism 265
reaches the sixth guide path 276 by this movement as illus-
trated in FIG. 23, the second path switching claw 278 is
pressed in the downward direction by the guide pin 265«
along the shape of the sixth guide path 276. This operation
causes the pressurizing mechanism 265 to shift from the
pressure-release state to the pressurizing state as illustrated in
FIG. 24.

Thereafter, when the additional folding roller unit 260
enters the fifth guide path 275 as illustrated in FIG. 25, the
additional folding roller unit 260 is in a complete pressing
state. The additional folding roller unit 260 then continues to
move through the fifth guide path 275 in the direction indi-
cated by the arrowed line D3 in FIG. 25 to pass the sheet
bundle SB through as illustrated in FIG. 26.

As described above, the additional folding roller unit 260 is
reciprocated in the guide path 270, whereby additional fold-
ing is performed on the sheet bundle SB. This additional
folding operation is started from the center portion of the
sheet bundle SB to one end SB2-1 of the sheet bundle SB, and
the additional folding roller unit 260 passes through the one
end SB2-1. Thereafter, the additional folding roller unit 260 is
caused to move over the additionally folded sheet bundle SB,
start additional folding from the center portion to the other
end SB2-2 of the sheet bundle SB, and pass through the other
end SB2-2, thereby the additional folding operation is com-
pleted.
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Ifthe additional folding operation is executed as described
above, when the additional folding roller unit 260 starts addi-
tional folding or when the additional folding unit returns to
the other end SB2-2 after passing through the one end SB2-1
of the sheet bundle SB, the upper additional folding roller
261a and the lower additional folding roller 262a will not
contactor press the ends SB2-1, SB2-2 ofthe sheet bundle SB
from the outside of the sheet bundle SB. In other words, when
the additional folding roller unit 260 passes the ends SB2-1,
SB2-1 of the sheet bundle SB through from the outside
thereof, the additional folding roller unit 260 is in the pres-
sure-release state. The ends SB2-1, SB2-2 of'the sheet bundle
SB are thus free from any damage.

Furthermore, because the additional folding roller unit 260
performs additional folding from the vicinity of the center
portion of the sheet bundle SB to the ends SB2-1, SB2-2
thereof, the running distance of the additional folding rollers
261a, 262a in contact with the sheet bundle SB subjected to
additional folding is short, which makes it possible to cut out
accumulation of kinking that causes crinkling, for example.
This operation can thus control generation of turning up and
crinkling on and in the vicinity of the fold line portion SB1
due to accumulation of kinking, because these operations
cause no damage on the ends SB2-1, SB2-2 of the sheet
bundle SB while the fold line portion SB1 of the sheet bundle
SB is additionally folded.

In order to prevent the upper additional folding roller 261a
and the lower additional folding roller 262« from running on
the ends of the sheet bundle SB from outside thereof, the
relation described below should be satisfied. That is to say, as
can be seen from the operations illustrated in FIGS. 16 to 26,
assume that the moving distance of the additional folding
roller unit 260 over the sheet bundle SB in the pressure-
release state during forward movement is La, and the moving
distance of the additional folding roller unit 260 over the sheet
bundle SB in the pressure-release state during backward
movement is Lb. The relation between the length L in the
width direction of the sheet bundle SB and the distances La
and Lb must be L>La+Lb (FIGS. 16 to 18 and 21 to 23).

Furthermore, it is preferable that the distances La and Lb
are set to approximately the same and the pressurization is
started in the vicinity of the center portion of the sheet bundle
SB in the width direction (FIGS. 20 and 24).

The additional folding roller unit 260 in the present
embodiment is provided with the additional folding roller
lower unit 262 and performs additional folding with the upper
additional folding roller 2614 and the lower additional fold-
ing roller 262a sandwiching the sheet bundle SB. However,
the additional folding roller unit 260 may be provided with
the additional folding roller upper unit 261 and a receiving
member (not illustrated) including an abutting surface oppos-
ing the additional folding roller upper unit 261 instead of the
additional folding roller lower unit 262, and configured to
pressurize the sheet bundle SB between the additional folding
roller upper unit 261 and the receiving member.

Furthermore, in the additional folding roller unit 260 in the
present embodiment, the additional folding roller upper unit
261 is configured to be movable in the vertical direction and
the additional folding roller lower unit 262 is configured to be
non-movable in the vertical direction. However, the present
invention is not limited thereto. More specifically, the addi-
tional folding roller lower unit 262 can also be configured to
be movable in the vertical direction. With this configuration,
the upper additional folding roller 261a and the lower addi-
tional folding roller 262a come into and out of contact with
each other symmetrically relative to the additional folding
position. The additional folding position can be thus fixed
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irrespective of the thickness of the sheet bundle SB, and any
damage such as a scratch can be further prevented.

The characterizing parts of the saddle-stitching bookbind-
ing apparatus 2 according to the present embodiment will be
next described.

In the additional folding roller unit 260 in the present
embodiment, the upper additional folding roller 261a and the
lower additional folding roller 2624 are disposed in a manner
that the rollers are displaced each other in the sheet width
direction, as illustrated in FIG. 27. More specifically, the
upper additional folding roller 261a and the lower additional
folding roller 262a are shifted such that the position of the
shaft center O, of the upper additional folding roller 261a and
the position of the shaft center O, of the lower additional
folding roller 262q are shifted each other in the sheet width
direction. Furthermore, in the present embodiment, when it is
assumed that the tangential direction of the rollers 261a and
262aq is indicated by the tangential line at the touch point
between the upper additional folding roller 261a and the
lower additional folding roller 262a, and the angle of the line
segment of the tangential direction formed from the line
segment of the sheet thickness direction is indicated as 0
(degree), the angle 0 satisfies 0[°]<6<90[°].

Disposing the upper additional folding roller 261a and the
lower additional folding roller 262a in a manner that the
rollers 261a and 2624 are shifted in the sheet width direction
thus enables the folding operation where the sheet bundle SB
is contacting onto each additional folding roller as winding to
the rollers, whereby the folding force can be increased. This
further shortens the distance between the shafts of the upper
additional folding roller 261a and the lower additional fold-
ing roller 2624 in the height direction of the additional folding
unit 260. The size of the apparatus can be reduced by the
shortened distance.

FIG. 28 is an explanatory diagram of points based on which
the additional folding roller unit 260 in an additional folding
mechanism moves in accordance with the unit moving
mechanism 263. Symbol S1 in FIG. 28 indicates the position
where the additional folding roller unit 260 waits before
moving from the home position thereof to start additional
folding of the sheet bundle SB. Symbol S2 in FIG. 28 indi-
cates the position where the moving direction directed by the
unit moving mechanism 263 is switched and the movement is
started in the leftward direction in FIG. 28.

FIG. 29 is a detailed explanatory diagram of the additional
folding roller unit 260. In the additional folding roller unit
260, the unit moving mechanism 263 is provided with a joint
263a that is fitted with a guide shaft 280 and the additional
folding roller lower unit 262 is provided with a joint 2625 that
is fitted with a guide shaft 281. A driving unit (not illustrated)
including an additional folding motor and a gear, for example,
is also provided so that the additional folding roller unit 260
can move in the sheet width direction along the guide shafts
280 and 281.

The force required to move the additional folding roller
unit 260 in the operation described above will be larger than
the friction force F that is generated between the joint 263a of
the unit moving mechanism 263 and the guide shaft 280. This
friction force F will depend on the load reaction force P of the
pressing spring 265¢ that is applied on the joint 263a of the
unit moving mechanism 263. This is represented by Equation
(1) below.

F=Pxu (€8]

(where P is the load reaction force of the pressing spring 265¢
applied on the joint 263a of the unit moving mechanism 263,
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and p is the friction coefficient between the joint 263a of the
unit moving mechanism 263 and the guide shatt 280.)

FIG. 30 is an explanatory diagram illustrating the addi-
tional folding roller unit 260 moved in the direction of normal
rotational movement.

When the additional folding roller unit 260 is moved in the
direction that the upper additional folding roller 261a pre-
cedes (the direction of normal rotational movement) in the
movement thereof in the sheet width direction, the upper
additional folding roller 261a is pressed downward by the
pressing spring 265¢. In this operation, because the upper
additional folding roller 261a precedes the lower additional
folding roller 2624, a force is generated for the upper addi-
tional folding roller 261a to run up in a direction indicated by
anarrowed line A illustrated in FIG. 30. A vertical load is thus
applied on the upper additional folding roller 2614 in a direc-
tion indicated by an arrowed line of AP1 in FIG. 30.

This means that the friction force F1 generated between the
joint 263a of the unit moving mechanism 263 and the guide
shaft 280 while the additional folding roller unit 260 is moved
in the direction of normal rotational movement will satisfy the
relation represented by Equation (2).

Friction force F1=(P+AP1)p 2)

FIG. 31 is an explanatory diagram illustrating the addi-
tional folding roller unit 260 moved in the direction of reverse
rotational movement, which is reverse of the direction illus-
trated in FIG. 30.

In this operation, the lower additional folding roller 262a
precedes when the additional folding roller unit 260 is moved
in the sheet width direction. Although the upper additional
folding roller 261a is pressed downward by the pressing
spring 265¢, a force lowering the upper additional folding
roller 261a is generated in the direction indicated by an
arrowed line B in FIG. 31, because the lower additional fold-
ing roller 262a precedes the upper additional folding roller
261a. For this reason, a load applied in the vertical direction
relative to the upper additional folding roller 261a is applied
in a direction of AP2 (reverse to the load reaction force P of
the pressing spring 265¢) marked with an arrowed line in FI1G.
31.

This means that the friction force F2 generated between the
joint 263a of the unit moving mechanism 263 and the guide
shaft 280 while the additional folding roller unit 260 is moved
in the direction of reverse rotational movement will satisfy the
relation represented by Equation (3).

Friction force F2=(P-AP2)p 3)

When the friction forces F1 and F2 are compared in mag-

nitude from Equations (2) and (3), the relation represented by
Equation (4) will be satisfied.

F1=(P+AP1)>F2=(P-AP2)

F1>F2

Equation (4) indicates that moving the additional folding
roller unit 260 in the direction of normal rotational movement
as illustrated in FIG. 30 generates a higher moving load than
moving the additional folding roller unit 260 in the direction
of reverse rotational movement as illustrated in FIG. 31.

First Configuration Example

FIG. 32 is a block diagram related to drive control of the
additional folding roller unit 260. This will be explained
using an example in which an additional folding motor 314
that is a DC motor is used for moving the unit moving mecha-
nism 263.

The driving control of the additional folding roller unit 260
is performed by a CPU 311 controlling the additional folding

Q)
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motor 314 through a motor control circuit 312 and a motor
driver 313. For this control, servo control is performed under
which a signal from an encoder 319 attached to the shaft of the
additional folding motor 314 is fed back to enable fixed speed
driving. Furthermore, the position of the additional folding
roller unit 260 is recognized with the pulse of the signal from
the encoder counted. It is configured that the signal of the
home-position sensor 315 that is an optical sensor detecting
the home position of the additional folding roller unit 260 is
directly input into the CPU 311.

FIG. 11is a timing chart for explaining a series of additional
folding operations of the sheet bundle SB performed by the
additional folding roller unit 260.

The additional folding roller unit 260 is moved from the
home position thereof to the waiting position S1 at a prede-
termined timing to be stopped and wait. It should be noted that
the moving speed for this operation is not particularly speci-
fied. When the pair of folding rollers 230 is rotated by a
carriage motor (not illustrated) to carry the sheet bundle SB
and the fold line portion of the sheet bundle SB reaches to the
position where the sheet bundle SB is additionally folded by
the additional folding roller unit 260, the carriage of the sheet
bundle SB is stopped. For the start of additional folding
performed by the additional folding roller unit 260, the addi-
tional folding motor 314 is controlled at the speed V1 and the
additional folding roller unit 260 starts forward movement.
The additional folding motor 314 is driven in reverse rotation
in the position S2 where the additional folding roller unit 260
starts backward movement, and controlled at the speed V2. It
should be noted that the speed V1 and the speed V2 satisfy the
relation in which the speed V1<the speed V2.

The additional folding roller unit 260 performs additional
folding of the sheet bundle SB in the backward movement at
the speed V2, and is then stopped at the point where the home
position thereof is detected by the output from the home-
position sensor 315, completing the additional folding opera-
tion.

Because high load is applied in the first movement in the
direction of normal rotational movement, the speed is set to
V1 (low speed) with consideration for the torque generated by
the additional folding motor 314 so that the required torque
will be generated. On the contrary, because the load is
decreased at the time of movement in the direction of reverse
rotational movement, less torque is required than in forward
movement. In the movement in the direction of reverse rota-
tional movement, the additional folding motor 314 is thus
driven at V2 (high speed). Because the additional folding
roller unit 260 is driven at a speed suitable for the required
torque as described above, the time required for a series of
additional folding operations can be minimized, whereby the
productivity is improved.

The required torque also depends on the thickness (basis
weight) and the number of the sheets. As the thickness (basis
weight) and the number of the sheets get larger, more torque
will be required for moving the additional folding roller unit
260.

FIG. 33 is a flowchart illustrating an example of changing
speed settings based on conditions such as the thickness (ba-
sis weight) and the number of the sheets. FIG. 34 is a timing
chart for explaining a speed setting based on the movement
direction of the additional folding roller unit 260 in a normal
mode and a fast mode.

The CPU 311 illustrated in FIG. 32 acquires information of
the sheets used at the timing of the additional folding start
(Yes at Step S1) from the apparatus body (Step S2).

In this example, if the sheets are thick paper (Yes at Step
S3) and the number of sheets contained in the sheet bundle SB
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is two or more (Yes at Step S4), the moving load of the
additional folding roller unit 260 is high. If the sheets are
standard paper (No at Step S3) and the number of sheets
contained in the sheet bundle SB is five or more (Yes at Step
S7), the moving load of the additional folding roller unit 260
is similarly high. For the cases described above, the speed
setting is performed in the normal mode. Specifically, V1=X
[mm/s], V2=Y [mm/s], (X<Y) is specified in the speed setting
for the normal mode (Step S5).

Itshould be noted that the speed V1 in the moving direction
in which the load is high is set to the lower speed X [mm/s],
and the speed V2 in the moving direction in which the load is
low is set to the speed Y [mm/s] higher than the speed V1.

On the contrary, if the sheets are thick paper and the num-
ber of sheets contained in the sheet bundle SB is one (No at
step S4) and if the sheets are standard paper and the number
of sheets contained in the sheet bundle SB is four or less (No
at Step S7), the load influence of the sheet bundle SB is
decreased. In such cases, the speed setting is performed in the
fast mode. Specifically, V1=Y [mm/s], V2=Y [mm/s] is
specified in the speed setting for the fast mode (Step S8).

It should be noted that the speeds are set to’Y [mm/s] in the
fast mode for both movement directions. With this, the pro-
ductivity can be improved.

After the speed setting is performed either in the normal
mode or in the fast mode as described above, the additional
folding operation is performed by the additional folding roller
unit 260 (Step S6), whereby the control in series is completed.

Furthermore, when changing the operation mode either to
the normal mode or the fast mode based on a predetermined
condition of this sheet information, the permission for the
change can be set by the user optionally.

For example, an operation panel 120 of the image forming
apparatus 3, to which the saddle-stitching bookbinding appa-
ratus 2 is connected, may be used for selecting between the
normal mode and the fast mode by the user selecting whether
to allow the fast additional folding mode, as illustrated in FI1G.
35. The information selected on the operation panel 120 is
then transmitted from a controller (not illustrated) in the
image forming apparatus 3 to a controller 310 in the saddle-
stitching bookbinding apparatus 2 through serial communi-
cation, determining if the CPU 311 changes the operation
mode.

Second Configuration Example

FIG. 36 is a block diagram related to drive control of the
additional folding roller unit 260. This will be explained
using an example in which an additional folding motor 318
that is a stepping motor is used for moving the unit moving
mechanism 263.

The drive control of the additional folding roller unit 260 is
performed with the CPU 311 controlling the additional fold-
ing motor 318 through a motor control circuit 317 and a motor
driver 316. This control is performed such that the current
value for the current supplied to the additional folding motor
318 is fed back as a signal and the additional folding motor
318 is driven at a constant current. Furthermore, the position
of'the additional folding roller unit 260 is acknowledged with
a motor drive clock counted. It is configured that the signal of
the home-position sensor 315 that is an optical sensor detect-
ing the home position of the additional folding roller unit 260
is directly input into the CPU 311.

FIG. 37 is a timing chart for explaining a series of addi-
tional folding operations of the sheet bundle SB performed by
the additional folding roller unit 260.

The additional folding roller unit 260 is moved from the
home position thereof to the waiting position S1 at a prede-
termined timing to be stopped and wait. It should be noted that
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the set motor current is not particularly specified. When the
pair of folding rollers 230 is rotated by a carriage motor (not
illustrated) to carry the sheet bundle SB and the fold line
portion of the sheet bundle SB reaches the position where the
sheet bundle SB is additionally folded by the additional fold-
ing roller unit 260, the carriage of the sheet bundle SB is
stopped. For the start of additional folding performed by the
additional folding roller unit 260, the additional folding
motor 318 is controlled at the set motor current N2 and the
additional folding roller unit 260 starts movement in the
direction of normal rotational movement (forward move-
ment). The additional folding motor 318 is driven in reverse
rotation in the position S2 where the additional folding roller
unit 260 starts backward movement, and controlled at the set
motor current N1. It should be noted that the set motor current
N1 and the set motor current N2 satisfy the relation in which
the set motor current N1 is lower than the set motor current
N2.

The additional folding roller unit 260 performs additional
folding of the sheet bundle SB in the direction of reverse
rotational movement (backward movement), and then
stopped at the point where the home position thereof is
detected by the output from the home-position sensor 315,
completing the additional folding operation.

Because high load is applied in the first movement in the
direction of normal rotational movement, the set motor cur-
rent is set to N2 (high current) with consideration for the
torque generated by the additional folding motor 318 so that
the required torque will be generated. On the contrary,
because the load is decreased at the time of movement in the
direction of reverse rotational movement as explained above,
less torque is required than in forward movement. In the
movement in the direction of reverse rotational movement,
the additional folding motor 318 is thus driven at N1 (low
current). Because the additional folding roller unit 260 is
driven by the additional folding motor 318 at a speed suitable
for the required torque as described above, the energy for a
series of additional folding operations performed by the addi-
tional folding roller unit 260 can be optimized, whereby the
energy saving performance is improved.

As described above, the required torque also depends on
the thickness (basis weight) and the number of the sheets. As
the thickness (basis weight) and the number of the sheets get
larger, more torque will be required for moving the additional
folding roller unit 260.

FIG. 38 is a flowchart illustrating an example of changing
motor current settings based on conditions such as the thick-
ness (basis weight) and the number of the sheets. FIG. 39 is a
timing chart for explaining changes in the motor current
settings based on the movement direction of the additional
folding roller unit 260 between a normal mode and an energy-
saving mode.

The CPU 311 illustrated in FIG. 36 acquires information of
the sheets used at the timing of the additional folding start
(Yes at Step S1) from the apparatus body (Step S2).

In this example, if the sheets are thick paper (Yes at Step
S3) and the number of sheets contained in the sheet bundle SB
is two or more (Yes at Step S4), the moving load of the
additional folding roller unit 260 is high. If the sheets are
standard paper (No at Step S3) and the number of sheets
contained in the sheet bundle SB is five or more (Yes at Step
S7), the moving load of the additional folding roller unit 260
is similarly high. For the cases described above, the motor
current setting is performed in the normal mode. Specifically,
I1=X[A], I2=Y [A], (X>Y) is specified in the motor current
setting for the normal mode (Step S5).
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It should be noted that the motor current I1 in the moving
direction in which the load is high is set to the high current X
[A], and the motor current 12 in the moving direction in which
the load is low is set to the current Y [A] lower than the motor
current I1.

On the contrary, if the sheets are thick paper and the num-
ber of sheets contained in the sheet bundle SB is one (No at
Step S4) and if the sheets are standard paper and the number
of sheets contained in the sheet bundle SB is four or less (No
at Step S7), the load influence of the sheet bundle SB is
decreased. In such cases, the motor current setting is per-
formed in the energy-saving mode. Specifically, [1=Y [A],
12=Y [A] is specified in the motor current setting for the
energy-saving mode (S8).

It should be noted that the currents are set to Y [ A] that is the
lower current for both movement directions. With this, the
energy-saving performance can be improved.

After the motor current setting is performed either in the
normal mode or in the energy-saving mode as described
above, the additional folding operation is performed by the
additional folding roller unit 260 (Step S6), whereby the
control in series is completed.

Furthermore, when changing the operation mode either to
the normal mode or the energy-saving mode based on a pre-
determined condition of this sheet information, the permis-
sion for the change can be set by the user optionally.

For example, an operation panel 120 of the image forming
apparatus 3, to which the saddle-stitching bookbinding appa-
ratus 2 is connected, may be used for selecting between the
normal mode and the energy-saving mode by the user select-
ing whether to allow the energy-saving additional folding
mode, as illustrated in FIG. 40. The information selected on
the operation panel 120 is then transmitted from a controller
(not illustrated) in the image forming apparatus 3 to a con-
troller 310 in the saddle-stitching bookbinding apparatus 2
through serial communication, determining if the CPU 311
changes the operation mode.

In the description above of the first configuration example
and the second configuration example, the information serv-
ing as the condition for changing the operation modes
depends on the sheet thickness (thick/standard paper) and the
predetermined number of the sheets specified in advance.
However, there may some cases depending on the user where
additional folding processing in the fast mode or in the
energy-saving mode cannot be performed under the predeter-
mined condition even if the load condition is specified such
that the fast mode or the energy-saving mode can be used for
the processing in accordance with the sheet type that the user
usually uses.

To solve this problem, it is configured that the operation
panel 120 of the image forming apparatus 3, to which the
saddle-stitching bookbinding apparatus 2 is connected, can
be used for the user to optionally change the condition, as
illustrated in FIG. 41. This configuration enables setting of
the operation mode in a way more suitable for the actual use.

The description above is merely an example, and the
present invention produces unique effects for each of the
following aspects.

(Aspect A)

A sheet processing apparatus such as a saddle-stitching
bookbinding apparatus 2 includes a pressurizing unit such as
a pair of additional folding rollers that pressurizes a fold line
portion of a sheet bundle in a sandwiching manner between a
first pressurizing member such as an upper additional folding
roller 261a and a second pressurizing member such as a lower
additional folding roller 2624, and a moving unit such as a
unit moving mechanism 263 that moves the pressurizing unit
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in the direction of the fold line of the sheet bundle, and
includes at least a driving motor such as additional folding
motors 314, 318. The position where the sheet bundle is
pressurized by the first pressurizing member and the position
where the sheet bundle is pressurized by the second pressur-
izing member are shifted in the direction of the fold line of the
sheet bundle. The driving condition of the driving motor is
changed between a first orientation such as the direction of
normal rotational movement in which the pressurizing unit
moves in the positional relation that the first pressurizing
member precedes the second pressurizing member and a sec-
ond orientation such as the direction of reverse rotational
movement in which the pressurizing member moves in the
positional relation that the second pressurizing member pre-
cedes the first pressurizing member. With this configuration,
various problems can be solved that can be generated when
using a pressurizing unit including a first pressurizing mem-
ber and a second pressurizing member disposed in a manner
shifted in the direction of the fold line of the sheet bundle, as
described in the embodiment above.

(Aspect B)

When the moving speed of the pressurizing unit in the first
orientation is assumed as V1 and the moving speed of the
pressurizing unit in the second orientation is assumed as V2 in
Aspect A, the driving condition of the driving motor is
changed such that the relation in which V1<V2 is satisfied.
This can prevent lowering of productivity of sheet bundles as
described in the embodiment above.

(Aspect C)

When the set motor current of the driving motor in the first
orientation is assumed as 11 and the set motor current of the
driving motor in the second orientation is assumed as 12 in
Aspect A, the driving condition of the driving motor is
changed such that the relation in which I11>12 is satisfied. This
can improve energy-saving performance as described in the
embodiment above.

(Aspect D)

In Aspect B, when a first speed set value X and a second
speed set valueY that are set values of the moving speed of the
pressurizing unit satisfy the relation in which X<Y, a first
operation mode such as a normal mode satisfying the relation
in which V1=X and V2=Y and a second operation mode such
as a fast mode satisfying the relation in which V1=Y and
V2=Y are available, and a sheet information acquiring unit
such as a CPU 311 that acquires sheet information is pro-
vided, the first operation mode is executed if the sheet infor-
mation satisfies a predetermined condition and the second
operation mode is executed if the sheet information does not
satisfy the predetermined condition. With this configuration,
an additional folding unit can be moved at an optimal speed in
accordance with conditions such as the thickness (basis
weight) and the number of the sheets, as described in the
embodiment above.

(Aspect E)

In Aspect C, when a first current set value X and a second
current set value Y that are set values of the motor current of
the driving motor satisfy the relation in which X>Y, a first
operation mode such as a normal mode satisfying the relation
in which I1=X and I2=Y and a second operation mode such as
an energy-saving mode satisfying the relation in which 11=Y
and 12=Y are available, and a sheet information acquiring unit
such as a CPU 311 that acquires sheet information is pro-
vided, the first operation mode is executed if the sheet infor-
mation satisfies a predetermined condition and the second
operation mode is executed if the sheet information does not
satisfy the predetermined condition. With this configuration,
an additional folding unit can be moved at an optimal current
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in accordance with conditions such as the thickness (basis
weight) and the number of the sheets, as described in the
embodiment above.

(Aspect F)

In Aspect D or Aspect E, a second-operation-mode propri-
ety setting unit such as an operation panel 120 is provided that
allows a user to optionally set the propriety of selection of the
second operation mode. With this configuration, additional
folding can be performed in the operation mode that the user
desires, as described in the embodiment above.

(Aspect G)

In Aspect D, Aspect E, or Aspect F, a sheet information
condition setting unit such as an operation panel 120 is pro-
vided that allows a user to optionally set a predetermined
condition of the sheet information used for changing between
the first operation mode and the second operation mode. This
configuration enables setting of the operation mode in a way
more suitable for the actual use, as described in the embodi-
ment above.

(Aspect H)

In Aspect A, Aspect B, Aspect C, Aspect D, Aspect E,
Aspect F, or Aspect G, when it is assumed that an tangential
direction of the first pressurizing member and the second
pressurizing member is indicated by the tangential line at the
touch point between the first pressurizing member and the
second pressurizing member, and the angle of the line seg-
ment of the tangential direction formed from the line segment
of the sheet thickness direction is indicated as 6, the angle 6
satisfies 0[°]<0<90[°].

(Aspect I)

In Aspect A, Aspect B, Aspect C, Aspect D, Aspect E,
Aspect F, Aspect G, or Aspect H, the pressurizing unit per-
forms pressurization on the fold line portion of the sheet
bundle from a predetermined position within the sheet width
to one end in the direction of the fold line of the sheet bundle
and then performs pressurization on the part of the fold line
portion not pressurized in the prior pressurization operation
while moving back in the direction of the fold line of the sheet
bundle. This configuration can prevent any damage generated
on the ends of the sheet bundle while the fold line portion of
the sheet bundle is additionally folded, and control generation
of turning-up and crinkling on and in the vicinity of the fold
line portion due to accumulation of kinking, as described in
the embodiment above.

(Aspect J)

In an image forming system such as an image forming
system 4 including an image forming apparatus such as an
image forming apparatus 3 that forms an image on a sheet and
a sheet processing apparatus such as a saddle-stitching book-
binding apparatus 2 that performs folding processing on the
sheet with the image formed by the image forming apparatus
thereon, the sheet processing apparatus in Aspect A, Aspect
B, Aspect C, Aspect D, Aspect E, Aspect F, Aspect G, Aspect
H, or Aspect | is used as the sheet processing apparatus. With
this configuration, productivity of additionally folded sheet
bundles and energy-saving performance can be improved, as
described in the embodiment above.

In embodiments of the present invention, when the pres-
surizing unit is moved in the sheet width direction to pressur-
ize the fold of the sheet bundle, the driving condition of the
driving motor is changed between the first orientation and the
second orientation in which the magnitude ofthe load applied
to the driving motor is different from each other. With this,
when the pressurizing unit pressurizes the fold line portion of
the sheet bundle, the condition that is the most suitable for the
load applied to the driving motor can be used for driving the
driving motor. Various problems, such as lowering of produc-
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tivity of sheet bundles on which pressurization has been per-
formed by the pressurizing unit and difficulties in energy-
saving efforts, can be thus controlled, which could have been
generated when the pressurizing unit is moved in the direction
of the fold line of the sheet bundle in the case where the
driving condition of the driving motor is the same in both the
first orientation and the second orientation.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A sheet processing apparatus, comprising:

a pressurizing unit configured to pressurize a fold line
portion of a sheet bundle in a sandwiching manner
between a first pressurizing member and a second pres-
surizing member; and

a moving unit configured to move the pressurizing unit in
the direction of the fold line of the sheet bundle, the
moving unit including at least a driving motor, wherein:

the position where the sheet bundle is pressurized by the
first pressurizing member and the position where the
sheet bundle is pressurized by the second pressurizing
member are shifted in the direction of the fold line of the
sheet bundle,

a driving condition of the driving motor is changed
between a first orientation in which the pressurizing unit
moves in the positional relation that the first pressurizing
member precedes the second pressurizing member and a
second orientation in which the pressurizing member
moves in the positional relation that the second pressur-
izing member precedes the first pressurizing member,
and

when the motor current flowing in the driving motor in the
first orientation is assumed as I1 and the motor current
flowing in the driving motor in the second orientation is
assumed as 12, the driving condition of the driving motor
is changed such that the relation in which 11>12 is sat-
isfied.

2. The sheet processing apparatus according to claim 1,

wherein

when the moving speed of the pressurizing unit in the first
orientation is assumed as V1 and the moving speed of the
pressurizing unit in the second orientation is assumed as
V2, the driving condition of the driving motor is changed
such that the relation in which V1<V2 is satisfied.

3. The sheet processing apparatus according to claim 2,

further comprising:

a sheet information acquiring unit configured to acquire
sheet information, wherein

a first speed set value X and a second speed set valueY as
set values of the moving speed of the pressurizing unit
satisty the relation in which X<Y,

a first operation mode satisfying the relation in which
V1=X and V2=Y and a second operation mode satisfy-
ing the relation in which V1=Y and V2=Y are available,
and

the first operation mode is executed when the sheet infor-
mation satisfies a predetermined condition and the sec-
ond operation mode is executed when the sheet infor-
mation does not satisfy the predetermined condition.

4. The sheet processing apparatus according to claim 3,
further comprising a second-operation-mode propriety set-
ting unit configured to allow a user to optionally set propriety
of selection of the second operation mode.
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5. The sheet processing apparatus according to claim 3,
further comprising a sheet information condition setting unit
configured to allow a user to optionally set a predetermined
condition of the sheet information used for changing between
the first operation mode and the second operation mode.

6. The sheet processing apparatus according to claim 1,
further comprising:

a sheet information acquiring unit configured to acquire

sheet information, wherein

a first current set value X and a second current set value Y
as set values of the motor current of the driving motor
satisty the relation in which X>Y,

a first operation mode satisfying the relation in which [1=X
and 12=Y and a second operation mode satisfying the
relation in which 11=Y and 12=Y are available, and

the first operation mode is executed when the sheet infor-
mation satisfies a predetermined condition and the sec-
ond operation mode is executed when the sheet infor-
mation does not satisfy the predetermined condition.

7. The sheet processing apparatus according to claim 6,
further comprising a second-operation-mode propriety set-
ting unit configured to allow a user to optionally set propriety
of selection of the second operation mode.

8. The sheet processing apparatus according to claim 6,
further comprising a sheet information condition setting unit
configured to allow a user to optionally set a predetermined
condition of the sheet information used for changing between
the first operation mode and the second operation mode.

9. The sheet processing apparatus according to claim 1,
wherein

when it is assumed that an tangential direction of the first
pressurizing member and the second pressurizing mem-
ber is indicated by the tangential line at the touch point
between the first pressurizing member and the second
pressurizing member, and the angle of the line segment
of the tangential direction formed from the line segment
of the sheet thickness direction is indicated as 0, the
angle Osatisfies O ]<0<90[ .

10. The sheet processing apparatus according to claim 1,

wherein

the pressurizing unit performs pressurization on the fold
line portion of the sheet bundle from a predetermined
position within the sheet width to one end in the direc-
tion of the fold line of the sheet bundle and then performs
pressurization on the part of the fold line portion not
pressurized in the prior pressurization operation while
moving back in the direction of the fold line of the sheet
bundle.

11. An image forming system, comprising:

an image forming apparatus configured to form an image
on a sheet; and

a sheet processing apparatus configured to perform folding
processing on the sheet with the image formed by the
image forming apparatus thereon, wherein

the sheet processing apparatus includes:

a pressurizing unit configured to pressurize a fold line
portion of a sheet bundle in a sandwiching manner
between a first pressurizing member and a second
pressurizing member; and

a moving unit configured to move the pressurizing unit
in the direction of the fold line of the sheet bundle, the
moving unit including at least a driving motor,
wherein

the position where the sheet bundle is pressurized by the
first pressurizing member and the position where the
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sheet bundle is pressurized by the second pressurizing
member are shifted in the direction of the fold line of
the sheet bundle,

a driving condition of the driving motor is changed
between a first orientation in which the pressurizing
unit moves in the positional relation that the first
pressurizing member precedes the second pressuriz-
ing member and a second orientation in which the
pressurizing member moves in the positional relation
that the second pressurizing member precedes the first
pressurizing member, and

when the motor current flowing in the driving motor in
the first orientation is assumed as I1 and the motor
current flowing in the driving motor in the second
orientation is assumed as 12, the driving condition of
the driving motor is changed such that the relation in
which I1>12 is satisfied.

12. A sheet processing apparatus, comprising:

a pressurizing unit configured to pressurize a fold line
portion of a sheet bundle in a sandwiching manner
between a first pressurizing member and a second pres-
surizing member;

a moving unit configured to move the pressurizing unit in
the direction of the fold line of the sheet bundle, the
moving unit including at least a driving motor, wherein

the position where the sheet bundle is pressurized by the
first pressurizing member and the position where the
sheet bundle is pressurized by the second pressurizing
member are shifted in the direction of the fold line of the
sheet bundle,
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a driving condition of the driving motor is changed
between a first orientation in which the pressurizing unit
moves in the positional relation that the first pressurizing
member precedes the second pressurizing member and a
second orientation in which the pressurizing member
moves in the positional relation that the second pressur-
izing member precedes the first pressurizing member,
and

when the moving speed of the pressurizing unit in the first
orientation is assumed as V1 and the moving speed of the
pressurizing unit in the second orientation is assumed as
V2, the driving condition of the driving motor is changed
such that the relation in which V1<V2 is satisfied; and

a sheet information acquiring unit configured to acquire
sheet information, wherein

a first speed set value X and a second speed set value Y as
set values of the moving speed of the pressurizing unit
satisty the relation in which X<Y,

a first operation mode satisfying the relation in which
V1=X and V2=Y and a second operation mode satisfy-
ing the relation in which V1=Y and V2=Y are available,
and

the first operation mode is executed when the sheet infor-
mation satisfies a predetermined condition and the sec-
ond operation mode is executed when the sheet infor-
mation does not satisfy the predetermined condition.
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